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Abstract

in alime-varying signal-to-noise ratio (SNI) environment, symbolrate is changed to
maximize data return. Howcver, the symbol-rate changes may ¢ ause the receiver symbol
loop to losc lock, thus lo sing rcal-time data. We proposc an allernate way of varying
the data ralcin a scamless fashion by puncturing the convolutionally encoded symbol
stream and transmilling the punctured cncoded symbols with o constant symbol rate. We

systematically scarched for good puncturing pattcrns jor the Galileo (14,1/4) convolutional
code and changed the data rates by using the punclured code.~ to match the Galileco SNR
profile of November 9, 1997. We concluded th atl this sche me reduces the symbol-rate

c}1o?L.ws from91to 2 and provides alarger dat O return and o highcr symbol SNR during
most Oj the day.

1 Introduction

11 deep-space communications and other space communications, particularly those requir-
ing ultiple antennas for iracking, the combined signal-to- noise ratio (SNR) varies during a
day. Thedegree of variation is determined by weather conditions, antenna clevationangle,
antenna pointing accuracy (both the satellite and the ground antennias), changes in satellite
latitude, andimany other factors. Yor example, the total signal-power-to-noise-density ratio
(P’t/N,) during a typical 24-hour pass of the Galilco Mission cau fluctuate b etween 15 and
21dB-1lz. I order {omaximize the data returnin this tinie varying SNR environinent, the
transmitted symbol rate is varied as a funclion of the cstimated 7% /Ngat the antenna to
maintain a high enougli convolutional 1.-ode symbol SNR. T'his assures that the l)it-error-rate
(BER) requirement is met. In the Galileo Mission, there arc six different symbol rates, and
there can be as many as eight symbol rate changes (from 10 to 640 symbols/sccond) during

a day '. One problem associated with the sy]l)Ix)I-rate change at low operating symbol SNR

'1). Bell andSung Chiu,“GSAY 3.5 Update/l{clcasc”, 10M 3392-94-055, May 23, 1994. (Jet Propulsion
Laboratory, Pasadena, CA, Internal ) ocument)
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is thal the symbol synchronization loop mnay have to reacquire 1he symbol pliase, which may
causc real-t,i]l)c data loss. A technique that mvol\(‘ opening the symbolloop at the svml)o]»
rate change has been proposed 2 but this technique r(‘qmr(ll very accurate time ])1(‘(1161/ It is
not clear if the predict information canbe obtained withinthe required accuracy.

In this paper, we arc proposing a simple and low-cost alternative solution to the data-rate
chiange problem by changing the data rate at the {rror-correcting coding stage rathicr than at
the transtmssion stage. ‘The data rate is changed by puncturing the low rate convolutional
code while the symbol rate is keptl constant. Inthis way, the basic structures of the encoder
and decoder remain unchanged making the scheme simple and Jess costly. The idea is to
minimize the number of symbol rate changes and still maintain a high enougli symbol SNR
to meet the convolutional code BER requirement. This assures that the carrier loop, the
subcarrier loop, and the symbol synchromzation loop can remainin lock in the time-varying
SNR environment throughout a pass. Symbol rate is changed only if the symbol SNR goes
too high (wasting cnergy)or too low {unable to track the symbols).

InSection 2, we will present the definitionandan overview of punictured codes. i Scetion
3, we will discuss our procedure for selecting good puncturing patterns. i Section 4, wc
will provide an example of using the punctured convolutional code for the SNR profile of the
Galilco Mission 011 November 9, 1997, which is anarbitrarily chosen day. InScctiond, we will

give some concluding remarks.

2 Definition and Enumeration of Puncturing Patterns

A rcgular rate 1/N convolutional code requires generating N code symbols per bit. By
periodically and systematically refraining from transmission of some of the code syinbols, a
higher rate code canbe constructed from an original lower rate 1 /N code. This process is
called puncturing a rate 1/N code to ahigher rate. Let the periodbe 1, bits or N1 code
symbols. Wc define a puncturing patter]] 7 of period N1 symbols to be an N I binary tuple
where a 1 denotes that the symbolin the corresponding location is to be sent,and a0 denotes
that the syrnbol is to be deleted. If there arc m zeros in 1', theresulting punctured code is
a higher rate L/(NL — m) code, where 0 <m < (N - 1)L.Vor example, let N = 4 and
I, = 4, and a puncturing pattern 7 = {01 11 1110 1011 1101} We define the rightmost digit
to correspond to the first symbol slid the rightmost group of four digits to correspondto the
four symbols of the first bit. The puncturing pattern, 1°, indicates that the sccond symbol

“J. Berner, “GLL Data Rate Changes” , Notes, June 11, 1993. (let Propulsion Laboratory, Pasadena, CA,
Internal Document)
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in the first bit, the third symbol in the second bit, the first symbol in the third bit, and the
fourth symbol in the fourth bit in a period arc not transmitted. The resulting punctured
code is a rate 4/(4 x 4 - 4 = 1 /3 code. With the leftmost digit being the most siguific.silt
bit and the rightmost digit being the least significant bit, the puncturing pattern 1' can be
represented as dbe7 in hexadecnnal forin.

Clearly, there are (]\1]”’) different possible patterns for 1'. Since 1 is periodicin N L symbols,
any cyclic. shifts of N symbolsin F’ give the same code perforimance as P>. llowever, this dots
not reduce the number of patterns that give a distinct, code perforinance by a factor of N,
as some of the (]::{) patterns may have a smaller period ;. 'That is, 1; divides I, which
is denoted by 1;| 1,. Let J(1i) denote the number of puncturing patterns with period 1;
exactly (including 1). Notice that f(14):- 0 if them zeros canmotbe evenly divided among
7{1‘ partitions (i.e., 7’/’_ / m). Also among the (?,le) paticrns with period L, some mmay have
smaller periods. Let p be a prime that divid eg 1; (not including 1). If l'llﬂll,#» then there
arc (i,i’,; ) palierns of I with period !pﬂ. The total number of distinet puncturing patterns is

-

therefore

Ll

where J(1i) canbe enumerated as follows:
NI
N]’Z T =
_ P
f(]“.) o (l’lLi - L mly
L plli N Lp

Notice that we define the combinatoric flmction(',':): O if eithermn or n is not au integer. In
the above example with N = 4, L = 4, andm =4, an exhaustive scarchrequires chiecking (],16)

= 1820 puncluring patterns. By taking into account the cyclic property of the puncturing

patterns, the scarch space is now reduced to

[(3-3LHW)I'0°4(4)

which is a reduction by ahmost a factor of 4.

3 Puncturing Pattern Search P’rocedure

In this section we deseribe the scarch procedure that we used to find good puncturing
patterns for arate 1 /N convolutional code. Using this procedure; we searched for punctured
codes for two low-rate convolutional codes, thc (14,1/4) code used for Galileo andthe (15, 1/6)
code used for Cassini. lor the (14,1/4) code, wc punctured it fromn rate /4 to rate 1/3, then

to rate 1/2. For the (15,1/6) code, wc puncturedit fromn rate 1/6to rate 1/5, thento rates
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1/4, 1/3, and1/2. A rate compatibility [1] rest riction is added in the puncturing pattern
scarch. That is, a code bit used in the lligll-rate codc is aso usedinthe Jow-rate code. lor
example, to scarch for a rate-1/2 punctured code, we p unicture therate- 1/3 code found a
step before, not the rate-1/4 code. This was necessary mainly because of limited computing
resources. Although we have only searched for puncturing patterns to give rate 1/N codes,
those puncturing patterns that give rate k/N codes can be obtained in a similar fashion.
Note that a punctured convolutional code of rate k/N is constiained by its low-rate parent
code. 'Therefore, it is not usually as good as the best known general convolutional code of
the respective rate. We also present simulation1esults of the punctured codes and Viterbi
decoder. Theresulting BlXIRs arc used fuither to cornpute the BER for the concatenated codes
consisting of a convolutions] code as the inner code and a Reed-Solomon (RS) code as the
outer c.ode, assumninginfiniteinterleaving.

For cach described rate where 12 > 1/N, the goal is to find the puncturing pattern I’ that
gives the lowest BER at that rate. Direet sitnulation of the punctured convolutional code is
not viable since there are so mauy diflerent puncturing patterns. As a first step to select the
puncturing pattcrns, wc used the resulting weight profile of the punctured code that includes
the maximumn free (]iSt'dl]cc,(lfrm, the number of paths of weightd, ay, aud the information
bit error weight eq as criteria. T'o further simplify our scarch wc only scarched for paths of
weight ¢ such that dfree < d <deu, where d,,; is some pre-determined value that is large
cnough to infer the code’s BE R performance aud small eniough to complete the scarch iu a
reasonable time. Note that there arc I, different starting points for diverging paths, and the
worst, case is consideredin comparing the puncturing patterns.

‘I'he aforementioned simplified scarching procedure is still computationally intensive. A's
discussed in the example above, to search for the puncturing patiernthat gives the bestrate-
]/3])‘111101‘111'0(1 code from a (14,1/4) code withperiod 4, the computation of the weight spectra
for the 464 different puncturing patterns takes about 2 days on a SUN SPARC station10.

The weight spectrum aud the free distance arc computed for cach of the puncturing pat-
terns with period L. From there, three bhest punciuring patterns arc simulated in the convo-
lutional encoder and Viterbi decoder 1o determine the corresponding BERs for several points
of bit-cnergy-to-noisc ratio 255/ No. Then the BER of the concatenated code is estimated from
the BER of the Viterbi decoder.

Once we have the points of 173/N, versus BER, we fit a curve through these points. These
curves arc used todetermine the BER for a given SNR profile of the Galileo Mission. When

the BER is less than 107, we determmine that the code rate canbe used in that time period.
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The technique for puncturing the codes (14,1/4) and (15,1 /6) used here is rate-colll])atil)lc
puncturing [1]. A systematic search is carried outto findthe patterns with the maximum free
distance and the minimum number of paths of weight d for Viterbi decoding. Three patterns
withthe largest free distance and smallest numberof paths of weight d are then simulated to
obtain a bit-error-rate curve. The (14,1/4) Galileo code is used here only to demonstrate the
alternative possibility of using punctured codes. Infact, the (14,1/4) code is composed of a
(1 1,1/2) convolutionalcodcandthe NASA standard (7,1/2) code, and the hardware of the
(7,1/2) NASA standard code cannot be altered.

3.1 Upper Bound on Freec Distance

Before searching for the maximum free distances, we compute the upper bounds of the free
distances to serve two purposcs, first to verify the results inthemaxiimum free distance calcu-
lation, and sccond to see the effect of the puncturing period onthe quality of the punctured
codes.

T'he resulls show that. a lower puncturing period gives a higherupper boundonthe free
distance, but the lower puncturing period provides fewer choices of code rates.

The upper hounds on the free distances for codes of constraintlength K, and rate k/N

can be computed using [2],

i1 ) . N
i < iyl g0 -1 ®

where
. 1, K <2k-1
- k, K >2k—1

Pigs. 1 and 2 showsome of the hounds o11 the free distances for codes puncturedfrom codes

(14,1/4) and (15,1/6) withperiod from 1 to 8 and 1 to 5 respectively.
32 Weight Spectra of Punctured Codes

3.2.1 Codec (14,1 /4) as parent code

The parent code in this case has the following polynomials: 222, 3d7d, 2bed, and 1dd3.
I'irst, we scarch for punctured codes from (1 4,1 /4) to (1 4,1 /3) andfind the weight spectra
corresponding to all the punctured patterns. The period in this case is 4, which corresponds
to 464 diflerent puncturing patterns. We then sort the weight spectrain the ascending order
according the number of paths of weight d, aq. }inally, we simulate the best three patterns
to obtain the BER curves, The weight spectra are shownin Table 1. According to the weight

spectra, the best pattern is bbby, This implics that the puncturing pattern has period 1, and
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Upper Bound on Free Distance
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I'igure 1. Upper bounds on free distance for punctured codes from (14,1 /4) code.
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Figure 2: Upper bounds on frec distance for punctured codes from (15,1/6) code.
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the third symbol is punctured out every time. 'This corresponds to the (14,1 /3) code with
polynomials: 2¢22, 3d7d, and 1dd3.

To Turther puncture the code torate] /2, we use the best 1/3 code found earlier as the
parent code. The following patterns are found to be the best: 3636, 3535, and 3333 inoclal
numbers. The weight spectra of the three best puncturing patterns arc shownin ‘J able 2.

Note that whenscarching for puncturing patterns with period 4, those patterns with period

1 and 2 arcincluded.

il Table 1

V\’olg t Spectra unctured Codos (14,1/3) 1 ]‘IO]II (]/] 1 /4) Mother Code

[pattern | d [28 24 |25 |26 [27] 28] »9] 80| 31| 32] ws| 34|

| bdbd | aq | T 1 5

of
5

bbb | aq | O] 4| 6| 4| 9] 1| v2| 48| 93| 130 | 237 | 389 | 638
3
5

aq ] 8|13 21 27| 54| 68| LB7|225 | -400 | 652
bbbd | aq | 1| 5 5| 133116 | 38| 54 | 101 | 146 | 288 | 481 | 800

bbb | eq | 0|14 | 1818 8 55| W2 1922 | 322 | 641 | 92D| 1853 | ‘WBA4| 55630

bdbd | eq | 1-] 3 35 [ 60 |“121 | 139 | 320 | 486 | 938 169999 [31560 | 5368

9
bbbd | cq | 5104"| 19 |-24n| 77 | 01 | 240 | 347 724 n@nojﬁzﬁ:angﬂggw 7068 |

Table 2
VV(‘IEIMA of Punctured Codes (14,1/2) Irom (14, 1/3) Motho] (odo -
pattern | d |18 1415 |16 ] 17]1811 9T 2 0| 21 22 231 A

6| 10 [224 | 51 | 1427 344-| 824 | 1956 | 4726 | 11363

8| 9] 3| 70| 154 | 37n| 931 | 2286 | 5464 | 13234 |
0|14 o 73| ©| 545 | ) 2884 0 | 16679
20 | 70 | 146 | 354 |11 | 2914 | 7780 [2202209| 52067 | 5525

3636 | ag | 6
3535 [ ag | 0
3333 | ag | O
3636 | g | 6
ot
0

37 | 53 | 251 | 550 | 1298 | 3370 | 9353 | 20024% 5 61261 BBTMAI9
07| 0]520] 0] 4686 02929943 0| 4011

3535 | €q |
3333 | cq

R I p|

3.2.2 Code (15,1/6) as parent code

We scarch for puncturing patterns to puncture the code (15,1/6) to (15,1 /5) with a period 3.
The polyno mials for this code are 4599, 4cab, bd4, 76f3, Teb7, and 695 f. The weight spectra

arc tabulatedinTables 3-6.

Table 3
[ 7777\7’7\’(‘1g]11 Spectra of Punctured (,od(s (15,1/5) ]‘Iom (] i) ]/()) ]’alont (/odc o

[ pattorn [ d [ 46 [ 47 [ 48 |49 [ 50 [ 51 | 5253 51| 55 56 | 67 | 58
3befblag| O 0] 9] 0[11 ] 0|18 0] 26| 0] 37| 0719
| 1f7df |aa| O] 5| 5| 3] 2] 5]10| 8| 12| 20| 23| 26| 34
befd |ag | 2] 2] 6| 8] &8 8] 9]10] 121 18] 32| 32| 50

| Bbefb)ea| O] 025 | 0|57 0|81| 0[130] o227 | 0}473
| 1J7df [ ea| 015141310 [ 19|46 ]38 | 66| 104 | 130 | 1444] 212
| 3befd | ca| 5]10[20]42[39|37]40] 63| 57| 116|197 | 341 | 556
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Table 4 -
r"A”WEimWS}IEci}E'BT Punctured Codes (15.1/4) From (15,1/5) >arent. Code

patiern d 1321333435361 37 |38 BRU [“40 | 41 I12 ”lr'44 '

C Thde [aq | 0] 00|11t 1o 8| 3] 8] 7] 1 |=15==17l =7

3bfc |aa | 2] 0| 1| 03| 4| 4| 6|13] 18| 23| 8| 62

| ofdf e | 2| O] 2|10 |-24 1| 8| 9|12| 22| 22| 37| 33

| TbeT|ea|l O] O] 6] B 2, 15 10:1364;&1 84 | 80 | 95 | 266

3bfc|ea| 5| O] 8| 8|6 18 | 20 | 2228 72 | 89 |'170 | 192 | 454

| 2fdf {ea| 6] O] 8[41]-64 44655 65| 139 | 140 | 250 | 221

Table H
[7 VV(‘]g]lt S])(‘,(‘,t]‘aw(i)rf ]’“"C“_l;gdi(10:(1:‘{{1?’»1 3) From (15,1/4) Parent Code

[(pattern | d [ 24 | 257266 [ 27]28] 29[ 30| 31| *32] 33 34 35 36
Wb aga | G| 1} 0] 3| 4 113*16 25 | 50| 68 | <120 | 216 | 378
T ey 6| L] O] 4| 4| 11| 17| 2| 47| 70| 129 202 | 355
e [ag | O] 2 7| 511 17| 30| 43| w7 | 94| 193 | 307 | 530
Wb | wq| O 3 011816 69| 8| 161 | 320 | 516 |“1070 | 1786 [33376 |
| 717 | ccal ©| 3] 0 18“1‘/T;J'F3A98" 160 | 298 | 516 | 996 | 166K | 3106
| tec | ca| 6| 8| 2|27 64] 107|206 | 331 | 448 | 744 | 1632 | 2791 | 5012
~__Tablese e
[' Weight Spectra of]’11_}1@17,1171;(‘;(]79%19*(]T)ﬁﬂ?)fl{ o1 gl{;,]/fﬁ) ]’ar(}l}lt Coder -
pattern | d [15 [ 16 |17 18 [19] 20|21 ] 22 |23| 24|25 2627
" 86d |ag | 0| 5] 0] 43 0| 256 O 1279 0| 7621 | 0| 42263| O
6db |ag | O 6] 0] 29] 0] 179 0| 1044 | 0] 5903 | 0[32915| 0
db6 lag | 012 0] 35 0] 200 o 1234 | 0| 7155 | 0] 40323 | O
T 06d | eq | 019 0327 02445 | 0] 14304 | 0[30790 | 0| 224| 0
""""" 6db | cq | O 134 0[202] 01558 | 0| 11003 | 0| 5928 | 0 [ 53199 | 0
dbG | ca | O[70 ] 012297 01727 | 0] 12563 | 0] 19058 | 0 | 11663 | O

3.3 BER of Punctured Convolutional Code from Simulation

The weight-spectra scarch is only the first step inthe code puncturing pattern scarch.

To further con finn that the punctured code is non-catastrophic, the punctured codes are

simulated with an encoder and the Viterbidecoder for several bit-SNR. points. The simulated

results are shown in Tables 7 to 12. Generally, the three puncturing patterns give similar

BERs when they arc non-catastrophic. In Table 12,

pattern b6d resultsin a catastrophic code.

it can be observed that the puncturing
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‘Jable 7

BER of Punctured Convolutional Codes

Using Punctured Codes (14,1/3)

Iy /N, BER with punctured pattcrns
C bbbb [ bdbd bbbd
1.2494 | 0.3527962 | 0.3531904 | 0.3632849
07494 | 0.2319616 | 0.2335825 | 0.2320581
-0.2494 | 0.1082866 | 0.1099679 _ﬁ)ﬁilgsa()osaf
0.2506 | 0.031423751 | 0.03451369 | 0.03474703
[0.7506 |000007607836 | ©.00767@622| 0.007575335 |
[TL.ZA06| 0.001221387 | 0.0012388665 0.001238388
Pable &
BER of Punctured Convolutional Codes
| Usmg Punctured Codes (14, ] /2) o -
Iy /N, | B]<]{ with punctmod tlerns
3636 ] 3536 | 3333
| -1.0103 | 0.4888%d64 | 04339047 | 0.4445088
-0.58083 (0358262818 | 0BIA896M62 | ().3624895
00103 | 0R2MEFE75 | 0.22050%4 74 | 0.2279394
0.4897 [000&EZ376S11- | 0.0933%39146 | ().09243575
0.9897(. 0029808 | 0.02292757 | ().02259
| 1.48%970.0.0303991843 0.001251188 | ().0()347432
| 1.9897 D.0009601188S @7@9095@;)237 0.0004340192
24889 71 4.716875¢-05 5.B83571c-05 | 3.500155¢-05

Table 9
BI:R of Punctured Convolutional Codes ‘-
Using Punctured Codes (15 ]/u) 11
Iy /N, BE ]{ wilth ])nn(‘tmod ]mtt(‘ms " 7;]
3befl 1f2df 30f7d
2229187 0.4472493 | 0.4474593 0.4168276
17918 | 0.3793155 | 0.3802368 | 0.3798195
-1.2918 7| 0.2619296 | 0.2611678 | 0.2651809
2079187 0.129610 o 101311644 |
20.2918 | 0.04245451 | 0.04379791 | 0.01334172 |
0.2082 | 0.009406612 | 0.009804297 | 0.009753462 |
0.7082 ] 0.001616577 | 0. 00167&4(7”"’0 001648245
L2082 | 0.0002125101| 0.0002311776 D ©000ESH09 |
17082 | 2.366779¢-05 | 2.03343c-06 | 2.066764¢-05




Scamless Data Rate Change by Feria and Cheung

1

‘able 10

BER of Punctured Convolutional Codes

U@ma ]’unctur(‘d Codes (15 ]/4)

2fdf
0.4605616
0.4078231

~10.3032402

0 .16 )/]‘)'%8
0.05940715
0.01385982
0.002297109
0.0003381827"

I /N, " BE R with punctured} dterns
| Tbde T 3dre
-2.2609 0.4605075 [0.461228
-1.7609] 0.4061571 () MOBA082
-1L.26609 03(d091b11 | ().3028663
-0.76809 D1664A%B93 0 QL6207 |
-0.2609 [0.05895112 () .0.558%1296 |
0.23d1| 008332655 | 001368548
0.73%l | 0.0023W2%8 0.00W2 30043 |
L2301 |0.0003761845 (.0.0068GH145 |
‘1'able11

BIR of Punctured Convolutional Codes
Using Punctured Codes (15,1/3)

Once we obtainthe BER from the Viterbi decoder,

[ Iy/N, BER with punctured
1° bbb 777

-1.5103 | @ 4154775 0.4170016
-1.0103 | 0.3150039 | 0.3176704
[ -0.5103 | @.I757192 | 0.1778444
| -0.0103 | 0.0640622 0.06504975

0.4897 p(AB13205 | 0.01Ej2398%"

| 0.9897 | 0.00262245 | 0.002286108
| 1.4897 D.00000000 |‘0.0003196818

Table 12

" BER of Punctured Convolutional Codes
Usmg]’unctumcﬂ( odes (15,1/2)

]';,/N ¥ BER with punctured pdttoms
06d | 6db db6
212712 | 05002713 | 0.4763295 | 0.4732612
-0.7712 1 0.5002573 | 0.4310407 "'()”42‘;227"
720.2712 | 0.5005087 ’USM*”* 3185326

EEET aggséoQ’()'?(’]&’ 1209
1087 RBE 4995696 ()[04732074 0.04973865

wlterns

cee

0.4242486
0.3242942

‘0. 1784566
0.06300115
0.013143464
0.001921924
0.0002290108

3.4 BER of Concatenated Code

the output of the Reed-Solomon decoder using

,_A,rbzl<

8

)

a1 = m )N

10

wc can compule the bit-error rate at

@)
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where

s = Prob(J-bit symbol error input to RS decoder)

and

In our special case of Galileo Mission, J =: 8, N =25b, and F -

at the output of the RS decoder is shown iu Tables 13 1o 15. The paramecter oy, is obtained

7y = Prob(bit crror input to RS decoder)

N =blocklength of RS codeword

1Y = number of correctable crrors

from simulation, and 7, = 27,.

Table 13
BER Output to 1{s Decoder
Using Punctured Code (14,1/4)
Iy/N, BER input to RS decoder BER output to RS decoder
-2.0{ 1 0.421801 ., 0.421861
CTI15 | 0.340849 [0.340849
-1.0 | 0.213893 t 0.213893
-0.5 | 0.102256 10102256
0.0 | 0.0326289 0.01938939
0.5 | 0.00695925 5.4033257¢-9
1.0 | 0.00128298 2.2583¢-20
1.510.000178173 1.107975¢-49
‘T'able 14
BER Outpul of RS Decoder
Using Punctured Codes (14,1/3)
I5,/N, [BER input to RS decoder 7“5{01:11]);1 of]{gi(il(‘c:qa(qi
[ -1.2494 jo0e52N962 i 0.3527962
(0.7 [ 0.2819616 ) 4RGHIG -
-0.224894 0.1082866 (f 0.1082866
| 0.2506 |0(0Ba23751 0.0222296096098
[“0.7506 | (07607836 | 1.83804c8
[ T2500 ovoeaezsar | 1005866c-20

16. The computed BIER
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3]

‘1'able 15
BER Output of RS Decodar
77777 i Using Punctured Code (14,1/2) o
[ Fy/No [BER put to RS (leebdadeBER output of RS decoder |

-1.0108 | 0.4388964 0.43839(3# “

| 05008 | 0.3572518 | 03572518 <
-0.0108 | 0.2230175 | 0.2230175% |
| ‘0.4897 | 0.09237691 0.09237691 |

0.00293376
171.609358¢-12

3.68313bc-27
11.609394¢-41

| 0.9897 | 0.02297818

1.4897 | 0.003991843
1.9897 | 0.0005011888

| 24897 | 4.716875¢-05

4 Example Using Galileo Profile

We use the SNR profile of Galileo mission onNovember 9, 1997 as an cxample to explain
how the number of symbol-rate changes canbe reduced with code rate changes. Yor a given
SNR profile, for example, the onc shown inlFig. 3, theobjective is to get themaximumn data
return under the conditions that the bit- error rate is below 1 (17, and that the symbol SNR
is maintained above -6 dBB3 for the carrier, subcarr icr, andsymbolloops to track. T'o achicve
this goal, the current plan is to change the symbol rate using a fixed code rate, 1/4,andan
allernate way is to allow code rate to change as well thus reducing the number of symbol-rate
changes. Fig. 4 shows the symbol rates using fixed and variable code rates. Inthe fixed-code-
rate case, there arc 9 symbol-rate changes, comparedio 2 syllll)ol-rate changesin the variable
code rate casc. Withthese symbol rates, each of the two systeins will have the symbol SNR
above -6 d3 as required, where the variable-code-rate case has a slightly higher symbol SNR
for most of the day. The code rate changes arc sho“lzi\in Pig. (i. Multiplying the code rates <l
by the symbol rates, we obtainthe bit rates as showninligs. 7 and 8 for thefixed code-rate
and the variable code-rate cases respectively. The bit rates are averaged for the day andthe
averaged bit rates in both cases are comprarable where the variable code-rate case has a slightly

higher average bit rate, which implies aslightly larger datareturn.

5 Conclusions

In this paper we have described a simple and low-cost method to change the data rate
to match the time-varying %/Ng environment. This is done by puncturing the convolutional

code atthe error-corrcc.tion coding stage rather than by changing the symbol rate al the
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Arrayed Pt/No on 1 1/9/97 from Galileo
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Figure 3: Arrayed 7%/N,on11/9/97 fromn Galileo.
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code rate

Symbol SNR (dB) on 1 1/9/97 from Galilee>
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Figure 5: Symbol SNR on 11/9/97 for Galileo using fixed and variable code rates
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transmission stage. 1hemain advantage of this liethod is that it allows seamiess transition
from onc data rate to another. We applied this met hod to the Galileo SNR profile ou November
9, 1997 as ancxample to demonstrateits eflectiveness. We showed }ow this method reduces
the number of symbol rate changes from9 to 2, and gives a slightly larger data returnin a
day andhigher symbol SNR for most of the day. Notice that inthis example we arbitrarily
pick 1 00 symbols/scc and 200 symbols/sec as the two symbol rates used. Wc arc working on
techniques to pick the pre-selected symbol rates t hat will optimize the data return. Wc are
also working on applying this method to the Cassini cominunicationscenario.

In addition to decep-space communication, there arc other communication environments
characterized with a fluctuating P%/Ng.Yor example the uncertainty in a geo-synchronous
satellite orbit may cause the F%/Nyto fluctuate.In mobile communication, fading and inter-
ference c-au causc the I%/Noto vary quickly andin greatmagnitude. This data rate change

method canbe useful in these applications as well.
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